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THE LABIUM OF THE ODONATA. 
BY HORTENSE BUTLER. 

In the selection of this subject for investigation I was influenced 
primarily by the lack of knowledge in regard to two important 
aspects of the study of this remarkable appendage, In the first 
place, up to the present time, no attention whatever has been paid 
to the mechanism of the labium, and in the second place while 
some attention has been devoted to the homologies of its parts, the 
results appear to me incomplete and their supporting evidence 
insufficient. 

Aside from the discussion by Gerstaecker, of which a detailed ac- 
count will be given in the proper place, we have only very few para- 
graphs embodied in papers on other subjects, by Rambur, Hagen, 
Brandt, Calvert and Heymons, The object of this paper is to pre- 
sent such new information as has been obtained and to supplement 
and in some cases correct the old. 

The work has been carried on entirely in the biologieal laboratory 
of Lake Forest College and under the supervision of Prof. J. G. 
Needham. 

The adult material used was obtained entirely from his collection, 
with the exception of some specimens loaned by the U.S. National 
Museum, the Museum of Comparative Zoology, and the Imperial 
Museum of Berlin, which were at that time in his possession, The 
series of mounted adult labia studied was prepared by me from 
specimens obtained from this source. With regard to the ontoge- 
netic material, the eggs of Anar junius were obtained when laid by 
collecting stems in which the females were observed ovipositing, and 
developed in confinement. The embryonic stages studied were taken 
from eggs respectively seventeen and twenty days old, The embry- 
onic stage of Lestes uncata was obtained from some aestivating eggs 
collected hy Prof. Needham, and the time which had elapsed since 
they were laid was uncertain. 

The majority of the drawings were made by me directly from the 
specimens. A few, however, were made from photographie plates 
and some from unpublished drawings by Prof, Needham. 


I. Tue MECHANISM or THE LABIUM. 


Every one who has devoted any attention whatsoever to the study 
of the Odonata has been impressed by the enormously developed 
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and curiously shaped labium. This labium, which has been, not 
inaptly, compared to a mask, in the Libellulidee completely covers 
the remaining mouth parts, and in the other families very nearly 
does so. At first glance it seems unweildy in size and shape, but it 
is capable of remarkably swift and accurate movement. If one ob- 
serve large nymphs of Anar junius in proximity to which a few 
Ischnura nymphs have been placed, it will be seen that directly the 
latter are brought near, the Araw nymphs remain perfectly quiet 
until the prey comes quite close to them, then with a motion so 
swift as to preclude observation the labium is darted out, the vic- 
tim seized and instantly drawn up into a position in which the 
mandibles can be used with advantage. The strength of the labium 
is surprising: indeed, when the animal is held suspended in the air 
by its extended tip, it can with ease lift the weight of its entire body 
up to the support. 

The powerful muscles and hinges which constitute the mechanism 
of the labium have never hitherto been investigated. The various 
movements are, however, secured by a comparatively very simple 
apparatus. For an understanding of the mechanism of the labium 
it would be necessary, first of all, to consider what are the various 
divisions composing it. 

The typical labium consists of a submentum and (sm. Pl. 11, Fig. 
1) mentum (m. Pl. 11, Fig. 1), a ligula (Zi. Pl. II, Fig. 1) which 
raries greatly in shape in the various families; to lateral lobes (dd. 
Pl. 11, Fig. 1) each bearing a movable hook (mA. Pl. 11, Fig. 1) 
and terminating in an end hook. These various parts are hinged 
together at four points, the movable hooks are hinged onto the lat- 
eral lobes, the lateral lobes in their turn are hinged onto the men- 
tum at the apical hinge, and there is a hinge at the joining of the 
mentum and submentum, the middle hinge, and another at the june- 
ture of the submentum with the head, the basal hinge. 

The movable hook is without museles. Four pairs of muscles are 
so arranged in connection with the apical, middle and basal hinges 
before mentioned, as to produce all the movements of which the 
labium is capable. These are a pair of abductors (aa .Pl. IL, Figs 
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land 2), a pair of adductors (bb. Pl. Il, Figs. 1 and 2), a pair of 
extensors (dd. Pl. H, Figs. 1 and 2), and a pair of flexors (ce. Pl. 
Il, Figs. 1 and 2). The adductors, which are fastened to the exter- 
nal tendenous prolongation of the lateral lobe at its insertion into 
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mentum, and which have their origin in the floor of the submentun 
proximal to the middle hinge, serve to throw the lateral lobe out ax 

the labium is thrust out. The adductors which are inserted at the 
“inner tendenous prolongation of the lateral lobe, and which also 
originate in the floor of the submentum at a point a little distal to 
the origin of the abductors, serve to draw the lateral lobe down 
against the ligula. The extensors have their origin upon the back- 
ward prolongation of the hypo-pharynx, and passing over the flex- 
ors and above the adductors near their origin, are inserted upon the 
hind ventral margin of the mentum below the hinge. These exten- 
sors, by pulling over the basal hinge and the middle hinge, obtain 
the leverage necessary to throw the entire labium out to its full 
length. The flexors, originating upon the tentorium, somewhat 
above the origin of the extensors, and inserting into the supero Jat 
eral margin of the mentum distal to the hinge, by means of a ten 
don, fold the labium down into a position of rest. 

Thus hy the action of the adductor muscle, in combination with 
the extensor, the labium is thrust out, the lateral lobes opened, and 
the movable hooks mechanically extended ; then when the vietim is 
within touch, with a movement equally rapid and concerted, the ad- 
ductor working with the flexor, the lateral Jobes are drawn down, the 
labium closes and the prey is held in a position in which it can most 
easily be devoured, 


Il. ONTOGENY OF WHEN BIUAI. 
LESTES. 

Amazingly various as are the shapes of the labium, more especially 
the shapes of the lateral lobes, in the various families of Odonata, I 
thought it probable that greater simplicity of conditions might be 
discovered in the early nymphal and embryonic stages and that in 
this way some new light might be thrown upon the homologies of 
parts. With this in view I studied a series of labia of Lestes nneata, 
beginning with the embryome stage (Pl. V, Fig. 13), the stage at 
which the development is temporarily stopped when aestivation 
begins (see account of the lite history of Lestes by Prof. J. G. 
Needham in Bull. 68 of the N. Y. State Museum, pp. 228-230, 
1903), and passing through a series of eight nymphal stages up to 
a condition approximating that of the fall grown nymph (PI III, 
Figs. 1-8). 
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In the drawing made from the embryonic labium (PI. V, Fig. 13) 
it will be observed that the development of the ligula (median lobe) 
is very imperfect in comparison with that of the lateral lobes. In 
the median cleft is a double basal series of teeth representing proba- 
bly the inner lamin of Gerstaecker, with the lobe above terminates 
an important second series, representing probably the outer lamine. 
This is probably another case of retarded development. In the lat- 
eral lobe the movable hook is already well developed and separated 
from the remaining parts; the teeth are developed on the distal mar- 
gin and toa less extent on the inner margin; the one at the end is 
already differentiated as end hook. In the earliest of the nyınphal 
stages (Pl. III, Fig. 1), the lateral lobes are separated by a tow broad 
ligula which has developed extraordinarily and which shows a trace 
of a cleft in the middle. On either side of this cleft are two teeth, 
the precursors of those lobes which in the full grown nymph extend 
across the entire width of the mentum. The suture between the 
ligula and the mentum (possibly, between inner and outer lamine: 
its relation to these as shown in the earlier stages has not been fully 
traced), which in nymphs bas hitherto been entirely overlooked, ap- 
pears as a transverse line with a pair of minute teeth at its distal ` 
border. The position of the teeth on the lateral lobe is much 
changed, owing perhaps to lateral expansion, the end look is less 
evident, but the development of the other teeth is about the same as 
in the previous stage. 

In the next stage (Pl. III, Fig. 2), after the second moult, a well 
developed seta is observed on the lateral lobe and the beginning of 
one on the movable hook, one is also present on either side of the 
mentum, bat this last is not included in the figure. The number of 
teeth on the inner edge of the lateral lobe has increased, while 
among those on the end, the one which later forms the end hook is 
conspicuous by its size, and is already divided from the others by an 
oblique cleft. The number of tecth on the ligula has increased and 
the cleft is deepened, while a pronounced tooth has developed on the 
sutural line before mentioned, 

In the third stage (Pl. III, Fig. 3) the seta on the movable hook 
has attained its tall development, the cleft between the end hook 
and the remaining teeth has become more marked, while the num- 
ber of teeth on the ligula is still further increased, and the edge of 
the ligula on either side of the cleft has become slightly elevated. 
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After the fourth moult (Pl. HI, Fig. +) a differentiation is notice- 
able among the end teeth, the two at the extreme edges becoming 
slightly larger than the others and turning outward, away from 
them. Two sete make their appearance on the mentum, In the 
next stave (Pl. IH, Fig. 5) the principal change is in the gradual 
disappearance of the sutural line, the rest of the development seems 
to be practically stationary. 

In the sixth of the series (Pl. HI, Fig. 6) a second seta makes its 
appearance upon the movable hook, while the terminal teeth of the 
end group have become larger and are separated from the others by 
deeper clefts, Three setie appear npon the mentum on either side. 
In the succeeding stage (Pl. IH, Fir. 7) the separation between the 
terminal teeth of the end group and their companions has inereased 
and there is an increase in the number of teeth on the border of the 
ligula. In the stage represented in Plate 1H, Fig. 8, we find a eon- 
dition very similar to that of the full grown nymphal labium, A 
third seta has developed on the movable hook and three are present 
on the mentnm. The clefts between the end hook and the end teeth 
and the terminai teeth of the end group and the central ones have 
reached, their maximum depth. The number of teeth on the inner 
edge of the lateral lobe and on the ligula has reached its maximum. 
The line beneath the border of the ligula has become a mere trace, 
the tooth which figured so promineutly in the early stages being 
represented by a chitinized spot. The cleft in the ligula has reached 
its greatest depth. With the exception of a few additional setæ 
upon the mentum, this stage represents the full-grown nymphal 
labium; no more changes take place until the transformation from 
nymph to adult, 


ANAX wd BASLESCHNA. 


The series of luer junius contains two nymphal labia in differ- 
ent stages of development, and two embryonie labia. In the young- 
est embryonie labium (Plate IV, Fig. 1) the mentum is composed 
of two lobes separated by a deep cleft running almost to the sub- 
mentum, The ligula is as yet undeveloped, The movable hook is 
not as vet separated from the rest of the lateral lobe; in shape it 
strongly resembles the palpus of the maxilla. In the succeeding 
stage (Pl. LV, Fig. 2) we have a condition much further advanced 
and comparable to the embryonic labium of Lestes uneata (PL V, 
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Fig. 13). In this the hook-like character of the movable hook has 
heeome apparent and teeth have been developed along the end of 
the lateral Jobe and two upon the inner edge. Teeth have devel- 
oped in a double series at the base of the cleft between the two 
divisions of the mentum, and immediately above the lower series is 
a marked indentation which appears to be the beginning of a suture 
dividing each lobe of the developing ligula into two parts. The 
shifting which these parts undergo in forming the ligula as it appears 
in the nymph will be discussed later. 

The earliest of the nymphal labia (Pl. IV. Fig. 3) shows com- 
paratively little change in the lateral lobe. The number of teeth 
along the end has increased, and two rudimentary setee have ap- 
peared just below the movable hook. These setie are exceedingly 
interesting from an historical standpoint, as raptorial setæ never 
appear upon the later nymphal or upon the adult labia of Anar 
junius, and were believed never to be present in the family. In 
contrast to the lateral lobe, the ligula has developed enormously, 
having almost the appearance which it exhibits in a full grown 
nymph, with the exception of a group of four teeth on either side of 
the cleft. The suture beneath the border of the ligula, which was 
noted in Lestes uncata, appears here also. ln the next succeeding 
stage (Plate [V, Fig. 4) we have a slightly later stage of develop- 
ment. The ditterences are, however, slight, consisting in the appear- 
ance of a number of teeth on the inner edge on the end hook and 
of a second group upon the border of the ligula. 

The development of the labium of Busiwschna janata is along 
much the same lines as that of Anar. In the condition shown in 
Pl. IV, Fig. 5, we have a state strictly comparable to that shown in 
Fig. 4 of the same plate. In this figure one of the teeth upon the 
end is already slightly separated from the others and has become 
longer. It is this tooth which remains as the end hook while the 
others disappear. In a later stage (PL IV, Fig. 6) teeth have 
appeared upon the inner edge of the lateral lobe and hairs are 
doveloped along the edge of the ligula. In the next stage (PI. IV, 
Fig. 7) the only ditterence is the decrease in size of the teeth on the 
end of the lateral lobe and on either side of the cleft in the ligula, 
and in the almost complete closure of that cleft. In the last stage 
Plate IV, Fig. 8) the end hook has become more hook-like. The 
one tooth has become a hook itself, and the others are represented 
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only as chitinized spots. The teeth ou the inner edge of the lateral 
lobe have increased in number, while tbose on either side of the 
cleft in the ligula have disappeared, being represented only by a 
band of chitin. The hairs along the border of the ligula, whieh, in 
the early stages, were small, have increased in size and covered the 
entire border up to the cleft, The cleft is represented only by a 
slight depression and by a line extending down upon the surface of 
the mentum to about its original depth. 


EPICORDULIA, TETRAGONEURIA and LIBELLULA. 

In contrast with Basiæschna, in which the development tends 
toward the disappearance of the teeth on both lateral lobe and 
ligula, stand the reprepresentatives of the Libullidie, Apieordulia 
princeps, Tetragoneuria cynosura, and Libellula pulchella, in which 
the tendency throughout the nymphal life is to increase in coni- 
plexity both lateral lobe and ligula. In the new hatched Epicor- 
dulia (Pl. 41, Fig. 4) the ligula is comparatively simple. The cen- 
ter is marked by a slight depression between two slight elevations, 
while on either side is inserted a small spinule. Beneath these is a 
line, probably the indication of a former suture, and beneath that, 
six setigerous punctures, The second stage (Pl. II, Fig. 5) shows a 
number of teeth along the border of the ligula, while the two spinules 
have increased considerably in size and four smaller ones have 
developed, one above and one below the before mentioned suture, 
on either side of the center of the ligula. In the third stage (Pl. IT, 
Fig. 6) the border of the ligula has become still more complicated, 


the number of teeth has increased, and below and in the notehes 


between each pair of teeth is a spinule, These diminish in size 
from the center to the edges of the ligula. The six setigerons 
punetures bave entirely disappeared. 

The new-hatched ligula of Tetragouuria (Pl. II, Fig. 7) shows 
almost exactly the same condition as the early stage of Epicordulia. 
The two spinules and the six irregularly placed setigerous punctures 
are present, but the teeth between the setie are three in number aud 
are not uniform in size. Libellula pulchella shows the six setiger- 
ous punetures placed some distance below the border of the mentum, 
but the spinules are absent and the border presents no distinctly 
defined teeth, but instead, in the exact center, are four small irregu- 
lar elevations, The lateral lobes of Libellula and of Epicordulia 
are almost identical, 
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GOMPHUS. 

The new-hatched Gomphus spicatus (Pl. II, Fig. 3) is worthy of 
notice especially with regard to the development of the teeth on the 
lateral lobe. Instead of having teeth on the upper end, as in Libel- 
lulia and Epicordulia, or on the inner edge, as in Basieschna, they 
are placed all around the edge, giving an intermediate condition, 
from which the development might very easily go in either direction, 
No end hook is differentiated. The ligula shows four teeth in the 
center, with a spinule on either side, and finally a tooth on the out- 
side of each spinule. The line immediately under the border of the 
ligula, which showed so plainly in Epicordulia, is less plainly marked. 


I}].—Homonocies OF PARTS, 


The most important paper upon the homologies of the parts of the 
labium, which has appeared up to this time, is “Zur Morphologie 
der Orthoptera Amphibotica,” by A. Gerstaecker. In this Ger- 
staecker advances the theory that the ligula of the Jabium is formed 
by the fusion of the two laciniæ (inner laminze), and that each lat- 
eral lobe consists of the fased"palpus and galea. In support of this 
theory of the homologies of the parts of the labia and of the maxilla 
he offers the following evidence: the similarity in appearance, in the 
imago, of the movable hook of the lateral Jobe and of the terminal 
joint of the palpus, the separation of the lateral lobe into two parts 
by a longitudinal suture and the different inelination of the surfaces 
of the two parts of it. 

This assertion seemed to me to be based upon very insuficient 
evidence, especially in view of the fact that the suture which he 
mentions as dividing the lateral lobe into two parts seems to he 
entirely absent in such labia as have been examined in the course 
of this study. A wide superficial furrow is present, but with care- 
ful observation no suture could I detect. In another particular 
Gerstaecker’s contention appears to me illogical, for, while he very 
truly contends that it is probable that in both maxilla and labium 
there has occurred a fusion of two parts, in the maxilla he believes 
the laeina and galea to be fused together, while in the labium he 
thinks that palpus and galea are fused together to form the lateral 
lobe, while the ligula represents merely the two lacin. Moreover, 
this theory of diverse fusions immediately follows an argument to 
prove the identity of the palpus in maxilla and labium, based on 
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the fact of their generally similar and parallel behavior throughout 
the Orthopteroidea. 

In the course of my examination of adult labia T noticed a struc- 
ture which seems hitherto to have been overlooked,—namely, the 
presence in certain Zygoptera of a distinct suture which, starting 
from the base of the cleft of the ligula, runs transversely to within a 
short distance of its border and, then turning backward, runs paral- 
Jel with the border down to the mentum, as shown for Luplea 
masoni in Plate VII, Fig. 6. The transverse portion of this line is 
bordered with hairs and, at the side nearest the cleft of the ligula it 
is produced into a point similar to that of the terminal border. In 
Platyenemis acutipennis (Pl. VII, Fig. 66) we have a similar con- 
dition, with the addition of the hairs within the suture, upon the 
lower part of the mentum. 

The presence of this distinetly defined suture upon the mentum 
confirmed me in the opinion which, without much supporting evi- 
dence, is advanced by Rambur and Hagen, that the mentum is 
formed by the consolidation of two pairs of appendages of the max- 
illa, the lacime and gale, and that the lateral lobe represents the 
palpus alone. The foregoing examination of the labia of several 
species in embryonic stages corroborates this opinion. In the embry- 
onic labium of Lestes uncata (Pl. V, Fig 13) it will be observed that 
the teeth in the cleft between the two halves of the developing men- 
tum are forming in two sets, consisting of three teeth each, increas- 
ing in size from the bottom upward and already quite strongly chiti- 
nized, These may well be taken to represent the tip of the retarded 
laciniee. Their sharp armature well corresponds with that of the 
tips of this chewing part of the maxilla, The paired lobes above 
these a short distance may well represent the tips of the retarded 
gale. In the embryonic labium of Anax junius (Pl. IV, Fig. 2) 
the separation between the two is marked by a deep indentation. 

This theory then assumes that the lower sets of teeth represent the 
toothed borders of the Jacinze and the upper more or less crumpled 
lobes, the tips of the gale, while the lateral lobe represents the pal- 
pus above, much modified in shape and complicated by its change in 
function, In the development of the ligula the lacinz consolidate 
and the lobes representing the galee grow together above them, 
inelosing them on all sides excepting at their juncture with the 
mentum. This theory gains force from the fact that in many of the 
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Orthoptera and Plectoptera a condition exists analogous to this of 
the embryonic stage, Notably in Diuphemorera and Prisopus we 
find the lumine extern slipping up over the lacing in such a man 

ner ax to partially surround them, much as ix the case in the embry- 
onie labium of Anae. Tt will further be observed that the lateral 
lobe articulates with a segment quite separate from that with which 
the ligula articulates, and that this piece seems in every way to cor- 
respond to the palpiger. From this evidence it seems reasonable to 
conclude that, in the so-called lateral lobe of the labium of the 
Odonuta, we have represented merely the palpus of the typical max- 
illa, while the ligula represents the consolidated Jacinze and gale. 


IV. -COMPARATIVE ANATOMY OF NYMPHAL AND ADULT 
Lasia py GROUPS. 

The forms of the labia are exceedingly variable in the various 
families of the Odonata, both during the nymphal life and later 
after transformation, The variations in a single group are, however, 
comparatively slight, and each group can be adequately represented 
by a single typical specimen together with details from several of 
those showing the most marked differences. 


Adult Labia. 


LIBELLULID.E. 

Tn the labia of adult Libellulidie the average width of the com- 
bined mentum and ligula is 1.87 times its length, while the ligula is 
broadly rounded and without a median cleft. The lateral lobes are 
uniform, the proportion of length to width being as 1 to 1, they are 
deeply concave. The end of the lateral lobe is rounded and covered 
with hairs externally, and the movable hook is reduced to a very 
small and unarticulated rudiment, Mierathyria berenice (Pl. VII, 
Fig. 3) is typical of the adult Libellulid labium. In this group the 
chief variations are in condition of the movable.hook and in the dis- 
position of the hairs on the lateral lobe. In Synthemis brevistyla 

PL VIIL Fig. 3d) the movable hook is represented by a chitinized 
spot, while the hairs are sparse and are placed all arom! the border 
of the lateral lobe. Much the same condition exists in Didymops 
transversa (Pl. V11, fig. 36), but the hairs appear on the surface of 
the lateral lobe, and there is a marked depression in the border of 
the lobe directly behind the chitinized spot, forming a small lobe in 
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front of the movable hook, a relic of the former articulation. Cor- 
dulia shurtlefi (Pl. VIL, Fig. 3a) has the hook wider and Llunter, 
with the hairs very abundant. Pseudophlebia minima (Pl. VII, 
Fig. 3e) is deeply chitinized along the inner border of the lateral 
lobe, and the hook is short and sharp. It differs from Micrathyria, 
however, in the absence of hairs on the surface of the lateral lobe. 
This group is much more specialized than any of the others, and is 
difficult of comparison, as the changes, especially in the lateral lobe, 
have almost obliterated the hooks. 


JESCHNINCE, 
The „Eschninze present characteristics widely ditlerent from those 


just mentioned, The width of the mentum and ligula is usually 
1.25 times its length, and the cleft, though ordinarily absent, ix 
always indicated either hy a slight depression in the center of the 
ligula or by the arrangement of the hairs along its border. Some 
times, however, a short but distinet apical cleft is present. The 
movable hook is well developed ; it is short, thick, usually blunt 
and, upon the lateral lobes on either side of it, is developed a more 
or less well-defined angulation, Both lateral lobes and ligula are 
covered with numerous hairs. A very good representative of the 
group is Gynacantha trifdia (Pl. VIL, Fig. 4). In Coryphosehna 
iugens (Pl. VI, Fig. 4a) the movable hook is unusually large and 
the end hook is large and recurved. The ligula (Pl. VII, Fig. 
45) shows a slight elevation in the middle of its border, with a short 
cleft in the center. In „Esehmophtlebiu anisoptera (Pl. VII, Fig. 4) 
the end hook is large and clearly defined, but the lobe beside it is 
comparatively small. The lateral lobes of „Eischuu constricta (Pi. 
VII, Fig. +d) differ little from those of Gynacantha, but the ligula 
(PL VII, Fig. +e) shows a more marked depression in the middle 
of its front border, Basiesehna jauata (Pl. VII, Fig, £7) shows 
the inner hook very strongly developed, while the lobe is almost 
absent. 
GOMPHIN.E. 

The Gompbinie, belonging to the same family ax the „Eschnin:e, 
have many points of similarity with them. The combined mentum and 
ligula is 1.4 as wide as it is long, and the cleft iu the ligula is always 
absent, The lateral lobe (exclusive of end hook) is about 1.25 times 
as long as wide, and the movable hook is large and well developed. 
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The end hook is well developed, and of the outer lobe there is only 
occasionally a trace. Ophiogomphus carolus Pl. VII, Fig 5) shows 
these characteristics as well as any species. A profusion of hairs 
covers the entire labium, mentum, lateral lobes and all. In Gom- 
phus vulgatissima (PL VH, Fig. 5a) the movable hook is long and 
pointed, and the end hook also is of unusual length. The upper 
lobe is a mere protuberance on the border of the lateral lobe. The 
greatest development attained by the movable hook, however, is 
shown in Aphylla edentata (Pl. VII, Fig. 5 6), in whieh the mova- 
ble hook is wonderfully long and slim, while the end hook almost 
equals it. The upper lobe has entirely disappeared. 


Cordulegaster and Tachopteryx. 

Cordulegaster maculutus and Tuchopteryx thoreyi are the sole rep- 
resentatives of their respective subfamilies, which I have studied. 
Cordulegaster (Pl. VII, Fig. 1) shows a mentum cleft to about one- 
fourth its length. The eleft is wide and V shaped, and on either 
point a small tooth is developed. The surface and border of the 
mentum are covered with hairs. The lateral lobe is also thickly 
covered with hairs, the movable hook is short and blunt, while the 
end hook is long and sharp, and has a series of four small hooks 
developed along its inner edge (Pl. VIL, Fig. 14). It will be shown 
further on that the end hook of Cudopterye angustipennis (PL VI, 
Fig. 6e) exhibits one hook on its inner margin. These hooks, it 
seems to me, may not improbably be considered a development carried 
over from the nymphal condition. 

Tachopteryx thoreyi (Pl. VH, Fig. 2) shows a ligula very similar 
to that of Cordulegaster. The mentum as well as the lateral lobe is 
thickly covered with hairs. The movable hook is large but blunt. 
and the end hook is short, slender and inenrved. 


ZYGOPTERA. 

In the Agrionidie the proportion of the width of the combined 
ligula and mentum fo its length is as 1:1, and the eleft in the 
middle is always present. It varies in depth from .75 to .20 of the 
entire length and is proportionately wide. The existence of a suture 
across the ligula has already been mentioned, and this suture as well 
as the external border of the ligula is covered with hairs. The 
movable hook is usually blunt, the end hook is very often larger 
than the movable hook, while the outer Jobe is not apparent. Both 
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the movable hook and the rest of the lateral lobe are covered with 
hairs. Pseudophea masoni (Pl. VII, Fig. 6) is a good type of the 
family. In the lateral lobe of Platycnemis acutipennis (Pl. VII, 
Fig. 6a) the development of the movable hook ix proportionately 
greater, and both that and the end hook are strongly incurved. The 
mentum and hgula (Pl. VII, Fig. 65) differ a little from those of 
Euphea. In Epiophlebia superstes (Pl. VII, Fig. 6 e and d) the 
movable hook is largely developed, while the end hook is small and 
not very hook like in character. A slightly different type of end 
hook is shown in Cudopterye angustipennis (PL VH, Fig. 6e); a 
small hook has developed upon its inner edge. In Culopteryx macu- 
latus (P1. VIIL, Fig. 6 f) the end hook ix divided from the rest of the 
lateral tobe by a distinct snture. This suture is probably of second- 
ary nature and importance. 

Besides these labia which have been figured, I have also examined 
many others; but these show the greatest differences found. I have 
mounted and tabulated the characters of the labia of the following: 


ANISOPTERA. ASCHNIDE. 

KIBELLULIDE. ‚Eschnine. 
Brachydaiplax indica..-..--...+ Kirby. | oe Dar I ae 
Brachythemis contaminata...... Febr. | “2 en me = ae 
eo aeea dee angen edler | na neh anisoptera......./ Selys. 
Diastatops tineta eee Rambur. | Bu u anata ee ou 
ee ee, one Suse INGE Seca Rambur. 
Hemicordulia tan ....-..-... + Selys Epieschna NER a ER: Fabr. 
Macromia illinoiensis Walsh. | on EB we: u, 
Afesosheniis siinplicicollis. care. Kar Staurophlebia magnifiea....... Brauer, 
Micrathyris berenice .......... Drury. GOMPHIN.E. 
Nannothemis bella... ... ..... Uhler. | Aphylla edentata. essee eea Selys. 
Nephepeltia phyrne.........4-. Perty. | Epigomphus palu oe Ba aS me Selys. 
Onychothemis abnormis... -... Braner. | Gomphidia confluens... --.. 2... Melys. 
Orthemis ferruginin.......-..-. Fabr. | Gomphoides stigmatus ses -. s- cse. Nuy. 
Palpopleura sexmacalata...- .--Fabr. | Gomphus exilis .............. «Hagen. 
Perithemis dontitia-.........-.- Drury. | Hagenius brevistylus ...-...--.-Selys. 
Plathenuislydia.e rasen een Drury. | Hemigomphus ochraceus... ... Selys. 
Pseudophlebia minima......... Kirby. | Ophiogomphus enrolus ...-.. Needham. 
Rhyothemis splendida........ Rambur, | Progomphus obseurus ... ...-Rumbur. 
Sympetrum corruptum ... +... Lagen. 
Synthemis brevistyla -+- ..--... Selys. CORDULEGASTERINE. 
Tetragoneuria spinigera....----«. Says Cordulegaster maculatus »=- 2200.10 Selys. 
MATING AT Teeter e nenn Hugen. PETALURINE. 
ZY BONY N AVIS sonen en een nennen Mel) lEichopterypsatrhoresie. en Selys. 
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ZYGOPTERA. | AGRIONIDÆ. 
CALOPTERYGIDE. Archilestes grandis «- +... 0.0... Selys. 
rgiolestes ieter JES poasesoas Selys. 
Calopteryx angustipennis .......Selys. EA A = H aM 
Calopteryx maculatns.......... Beauv. a ae Ca 
Cora ea Bene Disparonenra vittata. .---..-... Selys 
Di ehe dee Seh A Hemicnemis bilineata.......-... Selys. 
5 NEE Selys. 7 2 
lebe superstes - aa ns u SECON, oo Salz 
D a superstes- -r= e+e sea a a 
Euphea masoni...-+.--+--+..--4! Selys. u are las 
eua aeran Fabr Nesolestes alboterminata.... . Selys. 
Mnai Satan a Selys. Platyenemis acutipennis ........i Selys. 
A ais HEN Gi A OT seco aod Selys. 


Protoneura eapillaris.........Rambur 


Neurobasis chinensis Linne. 


Thore picta. 


Pyrrhosoma nymphula ...... «Sulzer. 
Synlestes weyersi....... ...Selys. 
Telebasis allaudi.......-...++ Martin, 
Xanthagrion erythroneurnm ... - Selys. 


Rambur. 


It will be observed that, with the exception of the Libellulidæ, in 
which the usual parts of the lateral lobe are almost unrecognizable, 
these adult labia are very similar. The chief differences are in the 
presence or absence of the eleft in the ligula and in its size and shape 
when present, in the shape and size of the movable hook and of the 
hooks on either side of it, and in the presence or absence of the hairs 
on the whole labium, The general contours are very similar, and 
the same parts are present in all the groups, the main differences 
being in the degree of fusion of parts. 


Nymphal Labia. 

In the consineration of the nymphal labia of the various groups, 
-it will be well to observe the same sequence which was followed in 
treating of the adult labia. The Libellulide will therefore first 
engage our attention. 

LIBELLULID Æ. 

In this family the nymphal labia are, upon the whole, somewhat 
more complicated than the adult labia. The mentum has much the 
same appearance and the ligula is, as a rule,.ronnded on its front 
border, as in the adult; but the lateral lobe is quite dissimilar. 
Perithemis domitia (Pl. VI, Fig. 5) is typical of the group. The 
lateral lobes are toothed along the ends, and near the outer edge 
appears a row of five sete terminated by the strong, spine-like, 
movable hook. Two groups of nine sete each appear midway 
down the mentum. he lateral lobe of Tetrayoneuria cynosnra 
(Pl. VI, Fig. 5 h) is very similar, with the exception of the fact 
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that in each of the teeth are inserted three small spinules, de- 
creasing in size externally. Phyllomacromia sp.? (Pl. VI, Fig. 
5d) shows the teeth more strongly developed, the two upper- 
most ones sharply pointed, while the spinules inserted in the 
lower three are more numerous, The border of the ligula (PI. VI, 
Fig. 5f) is thiekly covered with hairs, and is flatter than that of 
Perithemis. The lateral lobe of Mesothemis simplicicollis (Pl. VI, 
Fir. 59) resembles Tetragoneuria, although the teeth are obsolete 
and the number of setæ is greater. The ligula is like that of Peri- 
themis in shape but more prominent, and is heavily bordered with 
hairs (PL VI, Fig. 50). Epophthalmi« elegans is very different from 
the others of the group. The lateral lobe (Pl. VI, Fig. 5¢) is bor- 
dered with long, sharp, strongly ineurved teeth, seven in number, 
and the sete are entirely absent; while the ligula (Pl. VI, Fig. 5 5) 
has a deep cleft in the center, with a rounded protuberance on 
either side. The ligula of Orthetrum cuncedlatum (Pi. VI, Fig. 5e) 
exhibits another variation ; a slight elevation marks the center, 
while on either side are a number of small teeth with a small 
spinule between each pair. 


AESCHINEN-E. 

The typical -Eschninæ labium is well represented by Dusiwschna 
janata (Pl. VI, Fig. 2). The ligula shows a shallow cleft, and its 
borders are thickly covered with hairs, The lateral lobes have a 
strong, sharply pointed, movable hook, while the end hook, although 
short, is stout and sharp. The inner edge of the lateral lobe bears 
a number of small chitinized spots, the witnesses of the existence of 
teeth in that position earlier in the nymphal life. .sehn« constrieta 
(PL VI, Fig. 2a) shows a different type of end hook,—blunt, and 
straight across the end, with a small hook at the inner angle. In 
the lateral lobe of Stuurophlebia reticuluta (Pl. VI, Fig. 26) no 
traces of teeth are visible on the inner edge, and the end hook is 
short, but strongly incurved. The ligula of this specimen (Pl. VI, 
Fig. 2¢) has one very peculiar feature,—on either side of the central 
cleft is developed a long and slender spine. The border external to 
the spines is covered with short hair, The ligula of Boyera vinosa 
(Pl. VI, Fig. 2d) is characterized by a very small tooth on either 
side of the central cleft and at some distance from it. The border, 
on both sides of the teeth, is covered with hairs. 
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GOMPILIN.E. 


The Gomphine labia differ comparatively little from those of 
ZEschnine. Ina typical specimen, Gomphus vulgatissimus (PI. VI, 
Fig. 1), the lateral lobes are perhaps larger in proportion to the 
mentum than is the case with the /Esehninze, but the general effect 
is very similar. „ The inner edges of the lateral lobes exhibit a 
series of six or eight small blunt teeth. The ligula is in this case 
entire, its margin perfectly straight, and covered with hairs. In 
Phyllogomphus ethiops (Pl. VI, Fig. 14 and e) the teeth on the 
lateral lobe are more numerons and somewhat sharper than in the 
other, and the border of the ligula is V-shaped and covered with 
small spine-like teeth. 

Gomphus dilatatus has the ligula (Pl. VI, Fig. 1f) concave and 
bordered with hairs, Ophiogomphus severus (Pl. VI, Fig. 1g and e) 
shows a blunt end hook while the teeth on the inner margin of the 
lateral lobes are obsolete, and are represented by ebitinized spots. 
Aphylla sp.? (PI, VI, Fig. 15) has a slightly incurved end hook, 
while the teeth on the inner edge of the lateral lobe are four in num- 
ber and ave large and sharp. The lignla is slightly convex and 
bordered with hairs, An undeseribed Gomphid from Brazil (P1. 
VI, Fig. 1 A) exhibits a very singular end hook; it is quite long and 
rather sharp and bends abruptly downward toward the ligula, while 
the tip is again slightly elevated. The lateral lobe is quite devoid 
of teeth. The ligula of Macrogomphus sp.? (Pl. V1, Fig. 1) has 
a V shaped eleft in the center of the prominent ligula, and a sloping 
border on either side is covered with hairs. 


CORDULEGASTER and TACHOPTERYX. 


The labium of Cordulegaster maculatus, the lateral lobes of which 
are deeply concave, as in the Libellulidie, exhibits a series of large 
triangular teeth along the distal edges of the lateral lobes. These 
teeth are sharp but very irregular in size: some of them are carried 
over into the adult stage. The movable hook is small in comparison 
with the rest of the lateral lobe. A series of five set appear just 
within the onter edge of each lobe. The ligula has in the center a 
marked elevation with a small cleft in it. The mentnin has a group 
of about ten raptorial setæ on either side of the center, 

Tuchopterye thoreyi shows a lateral lobe with a well developed 
movable hook but a very blunt end; the inner edge is covered with 
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minute teeth. The ligula and mentum are cleft to considerable 
depth, and on either side of the cleft ix a small tooth flanked by a 
series of very minute ones. The line, indieating the base of the 
border of the ligula, which was observable in Lestes, is noticeable 
here also. 

ZYGOPTERA. 

Some very curious labia are to be found among the Zygoptera ; 
they differ from the labia of the other groups, and vary greatly even 
from one another. No single species can be chosen as typical of the 
group, but they fall into four fairly well defined classes correspond- 
ing to the subfamilies of which nymphs are at present known. 

EPALLAGINE. - Bayadera indica (Pl. V, Fig. 1) and Libellugo 
curta (Pl. V, Fig. 2) present many points of similarity, both having 
a well developed hook, while Bayadera has two and Libellago three 
hooks beneath it, the lowermost of which is very blunt at the end. 
The inner edge of the lateral lobe is in each case bordered with very 
minute teeth. The margin of the ligula of each is convex and cleft, 
the cleft in the case of Libellago being much deeper. The border 
of the ligula is covered with very small teeth, and beneath are visible 
traces of an obsolete suture, bearing at either end a well defined 
tubercle. Below this line in Bayadera, on either side of the center 
of the mentum, are two setigerous punctures, homologous, perhaps, 
with the similar punctures on the labia of new hatched Libellulines. 
The lateral borders of the ligula are covered with hairs. 

VESTALIN.E (CALOPTERYGIN.E).— Culopterye maculatus (Pl. V, 
Fig. 3), Heterin« americana (PIV, Fig. 4), Phuon sp.? (Pl. V, Fig. 
6), and Neurobasis chinensis (Pl. V, Fig. 5) are representatives of 
this group. They are very different from the members of the group 
just described. The lateral lobes in all four species are very narrow 
and show, underneath a very well developed movable hook, three 
long sharp hooks, varying slightly in size and shape in the diflerent 
genera, In all four, one or more small spinules appear upon the 
lateral lobe just before the movable hook. A series of poorly devel- 
oped teeth appear upon the inner edge of the lateral lobe in all ex 
cept the Phaon. In Heteriua and Phuow the cleft in the mentum 
is of moderate depth and oval in shape, but the ligula is so narrow 
and the width of the cleft is so great that the strip on either 
side is exceedingly narrow. A small seta appears on either 
side of the cleft about half way to the bottom. Tu Culopteryr and 
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Neurobusis the cleft is much deeper, extending far below the bases 
of the lateral lobes, and becoming lozenge shaped. The two small 
sete are placed near the top. It seems very possible that these sets 
may be land-marks indieating the situation of the sutural line, which 
has been mentioned so many times previously. In all excepting the 
Phaon the border of the ligula is covered with minute teeth. 

AGRIONIN&.—LHyponenru lugens (Pl. V, Figs. 7 and 8) offers a 
marked contrast to the members of the group above described. The 
lateral lobe is not very different, although only two hooks appear 
below the movable hook. There is a single seta on the lateral lobe. 
The ligula, however, is without a eleft and is covered across its 
entire border with small hairs. Podagrion sp.? (Pl. V, Fig. 9) 
exhibits a small cleft in the ligula, the lateral lobe is very similar to 
that of Hyponeura, but the seta is absent. The lateral lobe of Enal- 
lagma doabledayi (Pl. V, Fig. 10) shows between the movable hook 
and the end hook four small but clearly defined teeth. Five sete 
appear along the outer edge. 

Lestix.e.—From the lateral lobe of Enallagma to that of Lestes 
uncata (Pl. VII, Fig. 11) the transition is easy, especially in the 
light of the ontogeny of the latter. Lestes has a large, incurved 
end hook and above it, separated from it by a deep cleft, is a series 
of eight teeth; the two outer ones of this set are much larger and 
divaricate. The movable hook is well developed and bears two or 
three (generally three) large sete, while one appears upon the lat- 
eral lobe just before the hook. The inner edge of the lateral Jobe is 
bordered by a series of small teeth. _Archilestes grandis (Pl. V, 
Fig. 12) has an end hook similar to that of Lestes, but between it 
and the movable hook appear only two large teeth. These are 
probably homologous with the two outer teeth of the set in Lestes. 
Two setze appear on the movable hook and one large one, and two 
spinules on the lateral lobe immediately below it. 


V. Marks OF SPECIALIZATION, 

As is well known, the labium is formed by the fusion of two dis- 
tinct appendages, the second maxille; and hence the most primitive 
form would be that which showed most clearly the parts of the 
original components. Now in this simple and primitive labium we 
should find a submentum, a mentum, a ligula in which the outer 
and inner Jaminz were still distinct, and a three-jointed palpus with 
a well defined palpiger. 


AMERICAN NEUROPTERA. 129 


Of the various groups of Jabia which have been considered here, 
certain adult Zygoptera alone show the inner and outer laminze 
separated by a distinct suture (Pl. VII, Figs. 6 and 96), As these 
species also exhibit a considerable cleft in the ligula, together with 
evidence that at one time this cleft extended to the base of the ligula ; 
and as the movable hook on the Jateral lobe still retains much of its 
palpus-like shape, it seems reasonable to conclude that in these spe- 
cies we have the most generalized and primitive of the labia of the 
Odonata, 

The Gomphine and .Esehninze are considerably more specialized, 
haying lost all trace of the suture dividing the inner from the outer 
laminze, while the cleft, with the exception of a mere hint in one or 
two species, is absent in the entire family. The Libellulide are the 
most specialized of all, the mentum and ligula being completely con- 
solidated without the slightest evidence of a cleft, and the lateral 
lobes having completely lost their palpus like character. It is from 
the greatly developed and hollowed out lateral lobes of this family 
that the comparison of the labium to a mask takes its origin, 

The nymphal stages of Neurobusts chinensis and Culopteryx macu- 
luta (Pl. V, Figs. 3 and 5) show the ligula and mentum cleft to a 
remarkable depth. It has semetimes been inferred from this that 
in these species we find the most primitive type of labium; this 
theory is, however, rendered untenable by the fact that the depth of 
the cleft is much greater in the full-grown nymph, in proportion to 
its size, than in the earlier stages. It seems more probable, espe- 
cially in view of the fact that greater specialization of labium always 
exists in the nymph than in the adult, that this unusual depth of 
cleft is simply a development to better adapt the nymph to its man- 
ner of life. Possibly this hole may be used as a place of disposal of 
rejected portions of its prey. 

Anav junius and Lestes uncata are specialized along widely dif- 
ferent lines. As already shown the tendency of Lestes through 
out its nymphal life is to the development of an increasing 
number of teeth on both lateral lobes and ligula, and to the devel 
opment of raptorial setze on lateral lobe and mentum. Im Anar, on 
the contrary, the tendency is toward greater simplicity ; the number 
of teeth constantly diminishes; and it has heretofore been believed 
that no setee were ever present. It will, however, be noticed that 
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in the early stages (Pl. IV, Figs. 3 and +) two rudimentary setæ 
appear on the lateral lobe, just before the movable hook. 

The Gomphinzx and Æschninæ are very similar in both nymphal 
and adult labial characters, and the affinities of Tachopteryx are 
clearly with these groups. The Libellulidie have almost no points 
of resemblance to the other families, and appear very distinct Cor- 
dulegaster is in many respects intermediate, the adult labium show- 
ing strong gomphine affinities, the nymphal labium being strikingly 
mask-like and Libelluline in form; but this latter may be the result 
of a parallelism and due to its manner of life. 


SUMMARY AND CONCLUSION. 


In conclusion it will be well to note the principal points which 
have been brought out in this discussion, and to give in a short space 
the essence of the conclusions reached. 

Beginning with the discussion of the mechanism of the labium in 
the nymphal stage, it was observed that all movements which the 
labinm executes are provided for by four pairs of muscles, which 
obtain the necessary leverage by pulling over two hinges. Two 
pairs of these muscles, the abductors and the adductors, are situated 
in the mentum, while the flexors and the extensors occupy the 
submentum. 

In ontogenetic study observations were made upon the embryonic 
and early nymphal stages of Lestes, Anax, and Busieschna. The 
remarkable similarity of the embryonie stages of Anax and Lestes 
was noticed, contrasting markedly with the divergence of their 
development during nymphal life. In these embryonic stages the 
retardation of development of the lamin (galea and lacinia) in 
comparison with that of the palpus is clearly evident. 

Finally, in a comparison of the adult and nymphal labia by 
groups, similarities and differences being carefully noted, there was 
brought out the faet of the great and independent specialization of 
the nymphal labia. They develop distinetive characters which are 
wholly absent in the adults of the same species. 
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INDEX TO PLATES. 
PraTe 11, 


Fig. 1.—Dorsal view of muscles in the extended labium of the uymph of Aner 


junius Drury. 


aa. Abdnetor muscle, li. Ligula. 

bb. Adduetor muscle. m. Mentum. 

ce. Flexor musele. sm. Submentum, 
dd, Extensor muscle. e. Tentorium. 

H. Lateral lobe. J. Hypo-pharynx. 


mh. Movable hook, 
eh, End hook. 
Fig. 2.—Lateral view of same in closed labium. 


aa. Abduetor musele. g. Mouth. 

bb. Adductor muscle. h. Maxilla. 

ce. Flexor muscle. i. Mandible. 
dd. Extensor muscle. j. Labrum. 

e. Teutorium, k. Lateral lobe. 


f. Hypo-pharynx. 


Fig. 3.—Labium of new-hatched uymph of Gomphus spicatus Selys. 

Fig. 4.—Labium of new-hatched nymph of Epicordulia princeps Hagen. 

Fig. 5.—Ligula of same in the next succeeding stage. 

Fig. 6.—The same in the next succeeding stage. 

Fig. 7,— The same; in a new-hatehed nymph of Tetragonuria cynosura Say. 

Fig. 3.—Ligula and lateral lobe of new-hatehed nymph of Libellula pulchella 


Figs. 


Figs. 


Figs. 
Figs. 


Figs. 


Figs. 


Drury. 


PLATE Ill. 
1-8.— A series of nymphal labia of Lestes uncatus Say, successive stages fol- 
lowing hatching. 


PLATE IV.--Ontogeny in .Eschnine. 
1-2.— Embryonie labia of Anaxr junius Drury, at 17 and 20 days of inenba- 
tion, respeetively. 
3-4.—Nymphal labia of Anar junius, successive stages, following hatching. 
5-8.—Nymphal labia of Busiwschnu janata Say, young stages, 


PLATE V.—Nymphal labia of Zygoptera. 


1-2.—Epallagine. 
1. Bayadera indiea Selys. 
2. Libellago eurta Selys. 
3-6.— Vestalinz. 
3. Calopteryx maculata Selys. 
4. Heterina americana Fabr. 
5. Nenrobasis chinensis Linné. 
6. Phaon sp. ? 


TRANS, AM. ENT. SOC. XXX. JUNE. 1904 


132 HORTENSE BUTLER. 


Figs. 7-10.— Agrionine, 

7. Hypoueura Ingens Hagen, lateral lobe. 

8. Apex of labinm of the same. 

9, Podagrion sp. ? 

10, Lateral lobe of Enallagma doubledayi Selys. 
Figs. 11-12.—Lestine. 

11. Lestes uncatus Kirby. 

12. Archilestes grandis Rambnr. 
Fig. 13.-- Embryonie labium of Lestes uncatus Say. 


PLarte VI. —Nymphal labia of Anisoptera., 


Fig. 1.—Gomphinze. 
1. Gomphus vulgatissimns Linn. 
a, Lateral lobe of Phyllogomphus ethiops Selys. 
b. Lateral lobe of Aphylla sp. ? 
ce. Ligula of Aphylla edentata Selys. 
d. Ligula of Mucrogemphus sp. 7 
e. Ligula of Phyllogomphus ethiops. 
f. Ligula of Gomphus dilatatus Selys. 
g. Lateral lobe of Ophiogomphus severus Hagen. 
h. Ligula of an unknown Gomphid from Brazil. 
Fig. 2.—Æschnineæ. 
2, Busieschna janata Say. 
a. Lateral lobe of .Eschna clepsydra Say. 
b. Lateral lobe of Staurophlebia magnifica Brauer. 
c. Ligula of Stanrophlebia magnifica Brauer. 
d. Ligula of Boyeria vinosa Say. 
Fig. 3.--Tachopteryx thoreyi Selys. 
Fig. 4.--Cordulegaster maculatus Selys. 
Fig. 5.—Libelluline. 
5. Perithemis domitia Drury. 
a. Ligula of Mesothemis simplicollis Say. 
b. Lignla of Epopthalmia elegaus Braner. 
ce. Lateral lobe of Epopthulmiu elegans Brauner. 
d. Lateral lobe of Phyllomacromia sp. ? 
e. Ligula of Orthetrum cancellatum Linné. 
f. Ligula of Phyllomacromia sp. 
g. Lateral lobe of Mesothemis simplicollis Say. 
h. Lateral lobe of Tetragonuria cymosura Say. 


PLATE VIl.— Adult labia. 


Fig. 1.--Labium of Cordulegaster maculatus Selys. 
a. Enlarged eud hook of same, 
Fig. 2.-- Tachopteryz thoreyi Selys. 
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